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本文采用甲基磺酸乙酯（Ethyl Methyl Sulfonate, EMS）与 UV-irradation 结合
的方法，对野生菌进行诱变，两轮诱变后，筛选到菌株 EU2-77，其产生的胞外
蛋白浓度、滤纸酶活（FPase）、β-葡萄糖苷酶活（BG）及内切葡聚糖酶活（CMCase）
比野生菌产生的分别提高了 67.3 %、149 %、161 %和 116 %；该突变株 EU2-77
产生的滤纸酶活高于商业菌 JU-A10 和 EMS-UV-8，但产酶效率低于 JU-A10，基
于 JU-A10 发酵只用四天，因此缩短 EU2-77 的发酵周期，可以较大程度地提高
其产酶效率。 
在辅助碳源和氮源的单因素优化后，采用 Plackett-Burman 实验设计和
Box-Behnken 实验设计进行优化，发现菌株 EU2-77 产纤维素酶的 佳培养基配
方及发酵条件为：微晶纤维素 24.04 g/L、麦麸 30 g/L、(NH4)2SO4 4.0 g/L、KH2PO4 
5.38 g/L、MgSO4·7H2 O 0.9 g/L、酵母膏 0.6 g/L、蛋白胨 2.0 g/L、CaCl2 0.9 g/L、
接种量为 10 %、培养时间为 118 小时、培养温度为 30 ℃及摇床转速为 150 rpm。
在此优化条件下经三批摇瓶培养实验验证，预测值与验证实验平均值接近。与原
始培养条件相比，纤维素酶产量提高了 97.07 ％，FPase 活力达到 4.71 IU/mL。 
以溶剂萃取法对园林废弃物进行预处理，利用绿色木霉 EU2-77 产生的纤维
素酶对预处理前后的园林废弃物进行酶解，结果表明，经预处理过的园林废弃物
的酶解产物总还原糖收率为未处理的 24.69 倍。EU2-77 纤维素酶分别与商业菌
株 RUT C30 产生酶和商业酶进行酶解性能比较，发现该酶酶解总还原糖收率
（316.4 mg/g）高于商业菌株 RUT C30 产生酶（232.4 mg/g）和商业酶 Celluclast 
1.5L（239.6 mg/g）；而与商业酶 Celluclast 1.5L +Novozym 188 混合液酶解能力

































Cellulose, the main composition of the vegetal cell wall, exists widely in the 
nature and is the most abundant reproducible bio-polymer in the earth. The 
degradation catalysed with cellulase is the most effective way to hydrolyze cellulose 
to sugars thoroughly and causes no pollution. In the production of cellulase by 
micro-organism, owing to low productivity of strains, low hydrolysis efficiency of 
obtained cellulase and high price of production, large scale of production was not 
applicable yet. This research was mainly aimed at the improvement of the cellulase 
production with liquid state fermentation by Trichoderma viride using mutagenesis 
method and culture condition optimization, and analysis of the enzymatic hydrolysis 
of obtained cellulase against natural biomass.  
Firstly, Trichoderma viride mutants were developed by using Ethyl Methyl 
Sulfonate (EMS) treatment and UV-irradiation followed by a semi-quantitative plate 
clearing assay on phosphoric-acid-swollen cellulose plates. Mutant EU2-77 proved to 
be the most promising extracellular cellulase producer among 20 mutants in a 
screening program performed in shake flask fermentation after plate screening. 
Soluble protein content, filter paper cellulase (FPase) activity, β-glucosidase activity 
and endoglucanase (CMCase) activity of the fermentation broths of the mutant strain 
were increased by 67.3%, 149%, 161%, and 116%, respectively, compared with the 
parent strain. This enzyme complex produced by mutant EU2-77 contained FPase 
(2.19 IU/ml), CMCase (16.46 IU/ml), β-glucosidase (4.04 IU/ml), xylanase (42.37 
IU/ml), and β-xylosidase (0.12 IU/ml). The soluble protein concentration in the 
enzyme complex was 1.69 mg/ml. 
Secondly, the medium composition was optimized using response surface 
methodology (RSM) after one-factor-one-factor optimization of co-carbon source and 
nitrogen source. A Plackett-Burman design was applied to elucidate the medium 
components that significantly affect cellulase production. The concentration of 















steepest ascent method was used to locate the optimal domain and a Box-Behnken 
design was used to estimate the quadratic response surface from which the factor 
levels for maximum production of cellulase were determined. The composition of 
fermentation condition optimized with response surface methodology was (in g/L): 
Cellulose 24.04; Wheat bran 30; (NH4)2SO4 4.0; KH2PO4 5.38; MgSO4·7H2O; Yeast 
extract 0.6; Peptone 2.0; CaCl2 0.9; Inoculate size 10 %; Culture time 118 hour、
Culture temperature 30 ℃ and Shake speed of incubator 150 rpm. Compared to the 
original medium, the filter paper activity increased by 97.07 % and reached to 4.71 
IU/mL. 
Finally, in order to enhance the biomass hydrolysis efficiency, horticultural waste 
collected from Singapore was pre-treated by organosolv method. The pre-treated and 
the non-pre-treated horticultural waste were hydrolyzed using the cellulolytic enzyme 
complex from T. viride EU2-77. After pretreatment, the reducing sugar yield was 
increased by 23.69 times due to the high β-glucosidase and xylanase contents in the 
enzyme samples. Biomass hydrolysis performances of the cellulolytic enzyme 
complex from the commercial strain RUT C30, commercial cellulase Celic CTec, 
celluclast 1.5L, and the mixture of celluclast 1.5L and Novozym 188 were compared. 
It was demonstrated that cellulolytic enzyme complex derived from strain EU2-77 
yielded more reducing sugar (316.4 mg/g horticultural waste) than RUT C30 
cellulases (232.4 mg/g horticultural waste) and Celluclast 1.5L (239.6 mg/g 
horticultural waste). However, its performance is close to that of Celic CTec (303.2 
mg/g horticultural waste) and the mixture of celluclast 1.5L and Novozym 188 (331.6 
mg/g horticultural waste), rendering the need for β-glucosidase supplementation in 
biomass hydrolysis unnecessary.  
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